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(57) An exhaust gas purification system includes a 
lean bum engine (2) having an exhaust conduit 
(4), a lean NOx catalyst (6) installed in the 
exhaust conduit (4), an HC amount increasing 
device (26, 32) capable of increasing an amount 
of HC included in exhaust gas flowing to the 
lean NOx catalyst (6), a catalyst temperature 
determining device (18, 102) for determining a 
catalyst temperature and determining whether 
the catalyst temperature is below a predeter- 
mined value, and an HC amount increasing 
device operating device .(104-126) capable of 
intermittently operating the HC amount increas- 
ing device (26, 32) when the catalyst tempera- 
ture is below the predetermined value. The HC 
increased at low catalyst temperatures Is par- 
tially oxidized to generate a large amount of 
radicals which are held within small cells of the 
lean NOx catalyst (6). When the catalyst tem- 
perature rises, the radicals held in the cells are 
effectively used to reduce NOx until the radicals 
are compensated. 
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The present invention relates to an exhaust gas 
purification system for an internal combustion engine 
which includes a so-called lean NOx catalyst in an 
exhaust conduit of the engine. 

Japanese Patent Publication Nos. HE1 1-130735 
and HE1 1-135541 disclose an NOx catalyst construc- 
ted of zeolite carrying a metal selected from the group 
consisting of transition metals arid noble metals and 
capable of reducing nitrogen oxides (NOx) under 
oxidizing gas conditions in the presence of hydrocar- 
bons (HC). Such catalyst will be called a lean NOx 
catalyst hereinafter. The lean NOx catalyst needs HC 
to reduce NOx. Japanese Patent Publication No. SHO 
63-283727 discloses a system wherein an HC supply 
apparatus is provided and HC is continuously sup- 
plied from the HC supply apparatus to a lean NOx 
catalyst when HC included in engine exhaust gas is 
insufficient, for example, when the exhaust gas tem- 
perature is high and the HC included in engine 
exhaust gas is directly oxidized into C0 2 and H 2 0. 

However, there are problems with the prior art 
systems. More particularly, even if HC is supplied 
when the exhaust gas temperature is high, almost aJI 
of the supplied HC is directly oxidized into CO2 and 
H 2 0 and cannot be effectively used for reducing NOx. 
As a result, the NOx reduction rate of the lean NOx 
catalyst will not be increased as much as expected. 

Further, if HC is continuously supplied, the merit 
(good fuel economy) of a lean burn engine will be lost 
Furthermore, such continuous supply of HC will 
increase heat generation due to oxidation of HC at the 
lean NOx catalyst to raise the catalyst temperature. 
As a result, the lean NOx catalyst will be thermally 
degraded. 

An object of the present invention is to provide an 
exhaust gas purification system for an interna! com- 
bustion engine having a lean NOx catalyst in an 
exhaust conduit of the engine wherein HC is supplied 
to increase an NOx purification rate of the lean NOx 
catalyst and the supplied HC can be effectively used 
for increasing the NOx purification rate of the lean 
NOx catalyst 

The above-described object can be attained by 
an exhaust gas purification system for an internal 
combustion engine in accordance with the present 
invention which includes: an internal combustion 
engine capable of fuel combustion at lean air-fuel 
ratios and having an exhaust conduit; a lean NOx 
catalyst installed in the exhaust conduit of the engine; 
HC amount increasing means capable of increasing 
an amount of HC included in exhaust gas flowing to 
the lean NOx catalyst; catalyst temperature determin- 
ing means for determining a temperature represent- 
ing a lean NOx catalyst temperature and determining 
whether the lean NOx catalyst temperature is below 
a predetermined value; and HC amount increasing 
means operating means for operating the HC amount 
increasing means intermittently when the catalyst 



temperature determining means determines that the 
lean NOx catalyst temperature is below the predeter- 
mined value. 

in the above-described exhaust gas purification 

5 system for an internal combustion engine in accord- 
ance with the present invention, when the exhaust 
gas temperature is low, the HC amount increasing 
means operating means operates the HC amount 
increasing means so that the amount of HC included 

10 in exhaust gas flowing to the lean NOx catalyst is 
increased. 

When the exhaust gas temperature is relatively 
low, direct oxidation of the HC is suppressed and par- 
tial oxidation of the HC is promoted to generate a rela- 

15 tively large amount of radicals (active species). The 
radicals will be held within cells of the lean NOx catal- 
yst for a plurality of minutes. Since the HC amount 
increasing means is intermittently operated so as to 
increase the HC amount a relatively large amount of 

20 HC will be continuously held within the many cells of 
the lean NOx catalyst Then, when the lean NOx tem- 
perature rises and the HC amount is insufficient the 
HC held within the cells is effectively used for reduc- 
tion of NOx till all of the held HC is compensated, so 

25 that a high NOx purification rate (NOx conversion) of 
the lean NOx catalyst is obtained. 

Further, the lean NOx catalyst has a characteris- 
tic that it can show a higher NOx purification rate in a 
rising temperature period of time than in a falling tem- 

30 perature period of time or in a constant temperature 
period of time. Therefore, since the HC held within the 
catalyst cells is effectively used in the rising tempera- 
ture period of time, the NOx purification rate of the 
lean NOx catalyst will be further improved. 

35 Furthermore, since the HC amount increasing 

means operating means operates the HC amount 
increasing means not continuously but intermittently, 
increase in HC emissions and thermal degradation of 
the lean NOx catalyst will be effectively suppressed 

40 as compared with the conventional case where HC 
was continuously supplied. 

The above and other objects, features, and 
advantages of the present invention will become more 
apparent and will be more readily appreciated from 

45 the following detailed description of the preferred 
embodiments of the invention taken in conjunction 
with the accompanying drawings, in which: 

FIG. 1 is a flow chart of an HC amount increasing 
control routine of an exhaust gas purification sys- 

50 tern for an internal combustion engine in accord- 
ance with an embodiment of the present 
invention; 

FIG. 2 is a schematic system diagram of the 
exhaust gas purification system for an internal 
55 combustion engine provided with the embodi- 

ment of the present invention; 
FIG. 3 is a chart illustrating ON and OFF oper- 
ation of the HC amount increasing means of the 
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exhaust gas purification system for an internal 
combustion engine in accordance with the embo- 
diment of the present invention; and 
FIG. 4 is a graphical representation of an NOx 
purification rate versus catalyst temperature 5 
characteristic of a lean NOx catalyst. 
Preferred embodiments of the invention will be 
explained. As illustrated in FIG. 2, an exhaust gas 
purification system in accordance with an embodi- 
ment of the invention includes an internal combustion 10 
engine 2 capable of fuel combustion at lean air-fuel 
ratios (that is, a lean bum engine, including a diesel 
engine). The engine 2 has an exhaust conduit 4 where 
a lean NOx catalyst 6 is installed. In this instance, the 
lean NOx catalyst is defined as a catalyst constructed 1 5 
of zeolite carrying a metal selected from the group 
consisting of transition metals and noble metals and 
capable of reducing NOx under oxidizing gas condi- 
tions (lean air-fuel gas conditions) in the presence of 
HC. 20 

The exhaust gas purification system further 
includes an HC amount increasing means capable of 
increasing an amount of HC included in exhaust gas 
flowing to the lean NOx catalyst 6. 

Such HC amount increasing means may include 25 
an HC source 26 and an HC control valve 32 for 
switching supply of HC from the HC source between 
ON and OFF. The HC source 26 may be an HC bomb 
or a tank of engine fuel. 

The HC amount increasing means may include 30 
an ignition plug 8 and ignition timing control means. 
When the ignition timing control means advances the 
ignition timing, the amount of HC included in the 
exhaust gas will be increased. 

The HC amount increasing means may include a 35 
fuel injection valve installed in an intake conduit 10 of 
the engine and fuel injection timing control means. 
When the fuel injection timing is offset from an 
optimum fuel injection timing, un burned fuel will be 
increased to increase the amount of HC included in 40 
the exhaust gas. 

The HC amount increasing means may include 
an exhaust gas recirculation system (EGR) having an 
EGR valve 28. When the EGR valve 28 is opened to 
lead a portion of the exhaust gas to the intake conduit 45 
10 of the engine, combustion is partially degraded to 
increase the amount of unburned fuel and the amount 
of HC included in the exhaust gas. 

For the purpose of detecting various engine 
operating conditions to control the HC amount so 
increasing means, various sensors are provided. 
More particularly, an intake pressure sensor 14 and 
an intake air amount detecting sensor (for example, 
air flow meter) 16 are installed in the intake conduit 10 
of the engine, and an exhaustgas temperature detect- 55 
ing sensor 18 is installed in the exhaust conduit 4 of 
the engine. Further, a crank angle sensor 22 and a 
reference crank angle sensor 24 are housed in a dis- 



tributor operatively coupled to an engine crankshaft. 
Outputs of these sensors 14, 1 6, 1 8, 22 and 24 are fed 
to an electronic control unit (ECU) 20, and the fuel 
injection valve 12, the ignition plug 8, the EGR valve 
28, and the HC control valve 32 are controlled in 
accordance with the instructions from the ECU 20. 

The ECU 20 is constituted by a micro computer. 
The ECU 20 includes analog/digital converters 20f, 
20g and 20h for converting analog signals to digital 
signals, an input interface 20d for receiving input sig- 
nals, a central processor unit (CPU) 20a for conduct- 
ing calculations, a read-only memory (ROM) 20b, a 
random access memory (RAM) 20c for temporarily 
storing data, an output interface 20e for sending 
instruction signals therethrough, drive circuits 20i, 
20j, 20k and 20I for changing instruction signals to 
drive signals, and a connecting path 20m for electri- 
cally connecting these computer portions. 

A control routine for controlling operation of the 
HC amount increasing means, for example a routine 
shown in FIG. 1, is stored in the ROM 20b and called 
by the CPU 20a where calculation in accordance with 
the routine is conducted. 

The control routine of FIG. 1 is entered at inter- 
vals of predetermined periods of time or at intervals of 
predetermined crank angles. In the case where the 
routine is entered at intervals of predetermined crank 
angles, the outputs of the reference crank angle sen- 
sor 24 can be used for reference signals of the pre- 
determined crank angles. 

In the routine of FIG. 1, at step 102, a determi- 
nation is made as to whether or not a catalyst tem- 
perature of the lean NOx catalyst 6 is lower than a 
predetermined temperature, for example 400°C. The 
reason why HC control is conducted only at temperat- 
ures lower than the predetermined temperature is 
that at high temperatures higher than the predeter- 
mined temperature, direct oxidation of HC into C0 2 
and H 2 0 is promoted and therefore it is difficult to gen- 
erate radicals due to partial oxidation of HC and to 
smoothly hold the radicals in the cells of the catalyst 
The step 102 constitutes part of the catalyst tempera- 
ture determining means for determining a tempera- 
ture representing the lean NOx catalyst temperature 
and determining whether the lean NOx catalyst tem- 
perature is below the predetermined temperature. 

The lean NOx catalyst temperature may be deter- 
mined on the basis of an engine load Q/N (calculated 
from an intake air amount Q determined by the intake 
air amount detecting sensor 16 and engine rotational 
number N from the output of the crank angle sensor 
22) and an engine rotational speed NE (calculated 
from the engine rotational number N and time) using 
a predetermined exhaust gas temperature versus 
engine operating condition map which experimen- 
tariiy determines exhaust gas temperatures corre- 
sponding to engine operating conditions (engine 
loads and engine speeds). Alternatively, the lean NOx 
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catalyst temperature may be determined on the basis 
of the outputs of the exhaust gas temperature detect- 
ing sensor 18. 

Further, since the catalyst or exhaust gas tem- 
perature fails at the time of fuel cutting in deceleration 
and at the time of idling, the lean NOx catalyst tem- 
perature can be deemed to be lower than the pre- 
determined temperature when the fuel injection 
period of time in a fuel injection timing calculation is 
found to be zero or when an opening degree of a throt- 
tle valve 30 is found to be smaller than a predeter- 
mined throttle valve opening degree. 

If it is determined at step 102 that the lean NOx 
catalyst temperature is equal to or higher than the pre- 
determined temperature, the routine proceeds 
directly to a returning step, and only when the lean 
NOx catalyst temperature is determined to be lower 
than the predetermined temperature at step 102 does 
the routine proceed to steps 104-126. In this instance, 
the steps 104-126 constitute HC amount increasing 
means operating means for operating the HC amount 
increasing means intermittently when the catalyst 
temperature determining means determines that the 
lean NOx catalyst temperature is below the predeter- 
mined temperature. More particularly, the steps 104- 
126 includes steps 104-114 for holding the HC 
amount increasing means in an ON state for a first 
predetermined time period and steps 116-126 for 
holding the HC amount increasing means in an OFF 
state for a second predetermined time period. 

More particularly, at step 104, a determination is 
made as to whether or not flag HCONFLAG, which is 
a flag for indicating ON of the HC amount increasing 
means, is "1". In this instance, "1" of the flag corres- 
ponds to ON of the HC amount increasing means. If 
HCONFLAG is "0" at step 104, that is, the HC amount 
increasing means is not in an ON state up to that time, 
the routine proceeds to step 106, where the HC 
amount increasing means is switched to ON to begin 
to increase an HC amount Then, the routine pro- 
ceeds to step 108, where flag HCONFLAG is setto "1* 
and flag HCOFFFLAG is set to "0". In this instance, 
HCOFFFLAG is a flag for indicating OFF of the HC 
amount increasing means and "1" of HCOFFFLAG 
corresponds to a stop of increase in the HC amount 
If HCONFLAG is "1" at step 104, the HC increasing 
state should be maintained and therefore the routine 
proceeds to step 110, skipping steps 106 and 108. 

At step 1 1 0, counter HCONTIME for counting the 
HC increasing state holding time period is increased 
by one per entrance to the routine. The counter con- 
stitutes a kind of timer. 

Then, at step 112, a determination is made as to 
whether or not the counted-up time HCONTIME 
exceeds a predetermined time period TON (see FIG. 
3) during which the HC amount increasing means 
should be held ON. 

If HCONTIME is less than TON at step 112, the 



state of ON may be held further and the routine 
returns. In contrast, if HCONTIME is equal to or gre- 
ater than TON at step 112, the routine proceeds to 
step 116 where the HC amount increasing means is 

5 switched to OFF so that the OFF state is held for a 
time period TOFF. In this instance, before the routine 
proceeds to step 1 16, HCONTIME should be cleared 
to"0" at step 114. 

At step 116, a determination is made as to 

10 whether or not flag HCOFFFLAG, which is a flag for 
indicating OFF of the HC amount increasing means, 
is "1". In this instance, "1" of the flag corresponds to 
OFF of the HC amount increasing means. If 
HCOFFFLAG is "0" at step 116, that is. the HC 

15 amount increasing means is in an ON state up to that 
time, the routine proceeds to step 118, where the HC 
amount increasing means is switched to OFF to stop 
increase in an HC amount Then, the routine pro- 
ceeds to step 120, where flag HCOFFFLAG is set to 

20 "1 ■ and flag HCONFLAG is set to "0". If HCOFFFLAG 
is "1" at step 116, the HC increase stopping state 
should be maintained and therefore the routine pro- 
ceeds to step 122, skipping steps 118 and 120. 
At step 122, counter HCOFFT1ME for counting 

25 the HC increase stopping state holding time period is 
increased by one per entrance to the routine. The 
counter constitutes a kind of timer 

Then, at step 124, a determination is made as to 
whether or not the countednjp time HCOFFTIME 

30 exceeds a predetermined time period TOFF (see FIG. 
3) during which the HC amount increasing means 
should be held OFF. 

If HCOFFTIME is less than TOFF at step 124, the 
state of OFF may be held further and the routine 

35 returns. In contrast, if HCOFFTIME is equal to or gre- 
ater than TOFF at step 124, the routine proceedsto 
step 104 so that the HC amount increasing means is 
switched to ON and to restart increase in the HC 
amount. In this instance, before the routine proceeds 

40 to step 104, HCOFFTIME should be cleared to "0"!at 
step 126. | 

Due to the control of FIG. 1, the HC amount 
increasing means operating means (including steps 
102-126) operates the HC amount increasing means 

45 sothata combination of the ON state for the TON time 
period and the OFF state for the TOFF time period is 
repeated at low catalyst temperatures until the catal- 
yst temperature finally rises to the predetermined tem- 
perature. As a result the HC amount increasing 

so means is operated intermittently. 

Operation of the above-described exhaust gas 
purification system for an internal combustion engine 
will now be explained. 

The lean NOx catalyst 6 has an NOx purification 

55 characteristic A as shown in FIG. 4. At high temperat- 
ures (for example, above 550°C), HC included in the 
exhaust gas is directly oxidized and therefore gener- 
ation of radicals due to partial oxidation of HC is sup- 
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pressed. As a result, the NOx purification rate is dec- 
reased at high temperatures (see characteristic C of 
FIG. 4). In contrast, at low temperatures (for example, 
below 350°C), the activity of catalyst itself is lost, so 
that the NOx purification rate of the lean NOx catalyst 5 
is decreased (see characteristic D of FIG. 4). Theref- 
ore, the lean NOx catalyst 6 can show a high NOx 
purification rate only in a certain temperature range 
(for example, 350°C-550°C). 

In the prior art control for the NOx purification rate 1 o 
of the lean NOx catalyst, either an amount of continu- 
ously supplied HC is increased at high temperatures 
or a catalyst temperature is controlled to be brought 
into the high NOx purification rate temperature range. 
Therefore, an NOx purification system I ike the present 15 
invention, where HC is increased at low temperatures 
to generate a large amount of radicals and to hold the 
radicals in cells of the catalyst and the held radicals 
are effectively used at high temperatures, cannot be 
seen in the prior art. 20 

In contrast, in the present Invention, the current 
catalyst temperature is determined by the catalyst 
temperature determining means 102, and the HC 
amount increasing means (for example, 26 and 32) is 
intermittently operated by the HC amount increasing 25 
means operating means 104-126 at low catalyst tem- 
peratures to increase the HC amount in the exhaust 
gas. The increased HC is partially oxidized at the lean 
NOx catalyst 6 to generate radicals which are held in 
the numerous cells (having diameters of about 5 ang- 30 
stroms) of the lean NOx catalyst to stay in the cells for 
several minutes. The HC amount increasing means is 
controlled by the HC amount increasing means 
operating means so that the HC amount increasing 
means is in operation for the TON time period (for 35 
example, three minutes), then operation of the HC 
amount increasing means is stopped for the TOFF 
time period (for example, one minute), and the ON 
and OFF are repeated. Therefore, a large amount of 
radicals will be substantially continuously held in the 40 
cells of the lean NOx catalyst 6. 

Then, when the lean NOx catalyst temperature 
rises to the high NOx purification rate temperature 
range, the radicals held in the cells effectively react 
with NOx to reduce the NOx. As a result, the NOx puri- 45 
fication rate of the lean NOx catalyst rises transiently 
for several minutes until substantially all the radicals 
held in the cells are compensated. 

In addition, as shown in FIG. 4, the NOx purifi- 
cation rate D at the time of rising catalyst temperature so 
is higher than those at the time of constant catalyst 
temperature and at the time of falling catalyst tem- 
perature. Since the radicals held in the cells are used 
under rising catalyst temperature conditions, the NOx 
purification rate of the lean NOx catalyst 6 will be 55 
increased even further. 

Moreover, since deceleration and idling condi- 
tions will occur repeatedly in actual car operations at 



low catalyst temperatures, the above-described tran- 
sient NOx purification rate increases are obtained in 
every temperature rise after a deceleration or idling 
condition. As a result, the NOx purification rate of the 
lean NOx catalyst 6 will be raised. 

In accordance with the present invention, the fol- 
lowing advantages will be obtained. 

First, since the HC amount increasing means and 
the HC amount increasing means operating means 
are provided and the HC amount increasing means 
operates intermittently during low catalyst tempera- 
ture conditions, a large amount of radicals generated 
due to the HC amount increase are held within the 
catalyst cells and the NOx purification rate of the lean 
NOx catalyst can be raised for a transient period. 
Since such low catalyst temperature conditions occur 
repeatedly in actual car operation, the average NOx 
purification rate of the lean NOx catalyst normally will 
be increased to a great extent. 

Second, since the HC amount increasing means 
operating means operates the HC amount increasing 
means not continuously but intermittently, the NOx 
purification rate of the iean NOx catalyst can be raised 
without being accompanied by an increase in HC 
emissions and thermal degradation of the lean NOx 
catalyst due to heat generated by HC oxidation. 
Further, the merit of good fuel economy of the lean 
burn engine will not be lost. 

Third, since the HC amount increasing means is 
operated at low temperatures, a large portion of the 
increased HC can be effectively used for reduction of 
NOx. In this instance, if HC were supplied at high tem- 
peratures as in the prior art, almost none of the sup- 
plied HC could be effectively used for reduction of 
NOx. 



Claims 

1 . An exhaust gas purification system for an internal 
combustion engine comprising: 

an internal combustion engine (2) capable 
of fuel combustion at lean air-fuel ratios and hav- 
ing an exhaust conduit (4); 

an NOx catalyst (6) installed in the exhaust 
conduit (4) of the engine (2), the NOx catalyst (6) 
being constructed of zeolite and carrying a metal 
selected from the group consisting of transition 
metals and noble metals; 

HC amount increasing means capable of 
increasing an amount of HC included in exhaust 
gas flowing to the NOx catalyst (6); 

catalyst temperature determining means 
for determining a temperature representing an 
NOx catalyst temperature and determining 
whether the NOx catalyst temperature is below a 
predetermined temperature; and 

HC amount increasing means operating 
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means for operating the HC amount increasing 
means intermittently when the catalyst tempera- 
ture determining means determines that the NOx 
catalyst temperature is below said predetermined 
temperature. 5 

2. An exhaust gas purification system for an internal 
combustion engine according to claim 1 , wherein 
the HC amount increasing means includes an HC 
source (26) and an HC control valve (32) for 10 
switching supply of HC from the HC source (26) 
between ON and OFF. 

3. An exhaust gas purification system for an internal 
combustion engine according to claim 1 , wherein is 
the HC amount increasing means includes an 
ignition plug (8) of the engine; ignition timing con- 
trol means; and means for advancing a timing of 

the ignition timing means in response to a deter- 
mination by the catalyst temperature determining 20 
means that the NOx catalyst temperature is below 
said predetermined value. 

4. An exhaust gas purification system for an internal 
combustion engine according to claim 1 , wherein 25 
the HC amount increasing means includes a fuel 
injection valve (12) for the engine; fuel injection 
timing control means; and means for offsetting a 

fuel injection timing from an optimum fuel injec- 
tion timing in response to a determination by the so 
catalyst temperature determining means that the 
NOx catalyst temperature is below said predeter- 
mined value. 

5. An exhaust gas purification system for an Internal 35 
combustion engine according to claim 1 , wherein 

the HC amount increasing means includes an 
EGR valve (28) of an EGR system for the engine; 
EGR valve operation control means; and means 
for actuating the EGR valve operation control 40 
means to open the EGR valve (28) in response to 
a determination by the catalyst temperature 
determining means that the NOx catalyst tem- 
perature is below said predetermined value. 

45 

6. An exhaust gas purification system for an internal 
combustion engine according to claim 1, wherein 
the predetermined temperature is 400°C. 

7. An exhaust gas purification system for an internal 50 
combustion engine according to claim 1, wherein 

the catalyst temperature determining means 
includes an exhaust gas temperature detecting 
sensor (18). 

55 

8. An exhaust gas purification system for an internal 
combustion engine according to claim 1, wherein 
the catalyst temperature determining means 



includes an intake air amount detecting sensor 
(16), an engine rotational speed sensor (22), and 
a predetermined map for determining an NOx 
catalyst temperature based on outputs from the 
intake air amount detecting sensor (16) and the 
engine rotational speed sensor (22). 

9. An exhaust gas purification system for an internal 
combustion engine according to claim 1 , wherein 
the catalyst temperature determining sensor 
includes means for calculating a fuel injection tim- 
ing for the engine (2) and means for determing 
that the catalyst temperature is below said pre- 
determined value upon a signal of "zero" for a fuel 
injection period of time calculated by said means 
for calculating the fuel injection timing. 

1 0. An exhaust gas purification system for an internal 
combustion engine according to claim 1 t wherein 
the catalyst temperature determining means 
includes means for determining whether or not 
the engine (2) is idling, based on an opening deg- 
ree of a throttle valve (30) and determining that 
the catalyst temperature is below said predeter- 
mined value when the engine (2) is idling. 

1 1. An exhaust gas purification system for an internal 
combustion engine according to claim 1 , wherein 
the HC amount increasing means operating 
means (104-126) includes a first means (104- 
114) for holding the HC amount increasing means 
in an ON state for a first predetermined time 
period and a second means (1 16-126) for holding 
the HC amount increasing means in an OFF state 
for a second predetermined time period, the first 
means and the second means being set to be 
actuated one after another. 

12. An exhaust gas purification system for an internal 
combustion engine according to claim 11, whe- 
rein the first predetermined time period (TON) is 
three minutes and the second predetermined 
time period (TOFF) is one minute. 



6 



EP0 503 882 A1 




1 26 



HCOF F T I ME-0 



1 06 



YES 



HCI. M. ON 



I 



HCONF L AG*- 1 
HCOF F F L AG*-0 



J 



\-1 08 



HCONT I ME*-HCONT I ME + 1 MIO 



HCONT I ME«-0 




YES 



NQ^1 1 8 



HCI. M. OFF 



I 



H C 0 F F F L AG-1 \) 
HCONF LAG«-0 



1 22 



1 20 



HCOFFT I ME*-HCOF FT I ME + 1 




NO 



YES 



RETURN 



7 



EP 0 503 882 A1 




EP 0 503 882 A1 



F I G. 3 



ON 



HC AMOUNT I NCR E AS I N G ,JM E A N S 
{} TON TOFF TON T 0 F Fi TO N 



OFF- 




T I ME 



LU 
< 



< 

O 

LL 

oc 

ZD 
Ql 

X 

o 



t 



FIG. 4 




CATALYST TEMPERATURE 



9 



EP 0 503 882 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Nutahar 

EP 92 30 2007 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with inticatioa, where appropriate, 



Relevant 
to datm 



CLASSIFICATION OF THE 
APPLICATION (Int. CL5 ) 



P.A 

A 
A 



EP-ArO 441 401 (TOYOTA JIOOSHA) 14 August 1991 
* column 7, line 15 - coluan 8, line 41; figure 
9 * 

US-A-3 908 371 (TADASHI NAGAI) 
US-A-3 827 238 (YOSHIHASA HAYASHI) 



1,2 



F01N3/20 
B01053/36 



TECHNICAL FIELDS 
SEARCHED (Int. CLS ) 



F01N 
B010 



The present search report has been drawn up for all < 



THE HAGUE 



Bete of — pktan rtttuM* 

07 JULY 1992 



BOGAERXS M.L.M. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken aloae 

Y : particularly relevant If combined with another 

document of the sane category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the iavention 
E : earlier patent document, hat published on, or 

after the filing dste 
D : document dted in the application 
L : document dted for other reasons 



* : * nat ***** fanily » corres P 00 ^ m K 



10 



